The simplest little Higgs model based on a gauge group SU (3) color × SU (3) weak × U (1) X contains three vector-like lepton singlets with electric charge 0 below electroweak energy scale. They are counter partners of the first component in the leptonic triplet of SU (3) L for each generation. Due to Yukawa couplings the neutral singlets not only have a Dirac mass, but also couple to the neutrinos. Thus the neutrino mass eigenstates are different from the neutrino weak eigenstates.
The simplest little Higgs model (SLHM) [1, 2] based on a gauge group SU (3) color × SU (3) weak × U (1) X arose from the need to provide a natural solution of the "little hierarchy problem" among other little Higgs models. The SLHM has two peculiar features that distinguishes itself from other little Higgs models.
The first feature is that the SLHM has no counter partner(s) to the SM Higgs scalar. The presence of the counter partner is necessary to cancel dangerous quadratically divergent contribution to the SM Higgs mass squared paramters coming from the SM Higgs loops. For example, the littlest Higgs model [3] has a complex SU (2) L triplet scalar as a counter partner to the SM Higgs. Instead, the SLHM has two scalar triplets containing the SM Higgs in common, and the counter partner to the SM Higgs in the triplet is the SM Higgs in the other triplet. The model has regions of parameter space for which TeV scale particles only couple very weakly to SM fields in the tree level interactions. Constraints on the model come from the study of precision data in the gauge and quark sector [4] . Further, one can study the validity of the model by fine-tuning arguments on the parameters [5] .
The second feature, barely noticed before, is that the neutrino has a vector-like lepton as a counter partner just as the up-type quark in the third generation has a vector-like quark as a counter partner. Unlike the heavy top partner, the neutrino partner should have an extremely small mass in order to explain neutrino physics in expeiments. Mixing the neutrino with its counter partner through the Yukawa couplings doubles the number of neutrinos. In the present Letter, we suggest that the study of neutrino sector provides another test for the model.
The initial gauge group SU (3) weak × U (1) X gets broken to the electroweak subgroup SU (2) L × U (1) Y . This symmetry breaking is triggered by the vev's f 1 and f 2 of the two triplets, Φ 1,2 = (3, − 1 3 ) in SU (3) weak × U (1) X representations. They are parameterized nonlinearly as follows:
where the field h is an SU (2) L doublet which is identified with the SM Higgs doublet, η is a real scalar field, and f 2 = f 2 1 + f 2 2 . In the following we take into account only the leptonic sector. For simplicity, we temporarily consider only the first generation. The SM first leptonic generation is embedded in
where the triplet Ψ L = (ν, e, n) T contains the lepton doublet ℓ = (ν, e) T while the (chargeconjugated) singlets e c and n c are the Dirac partners of e and n in the triplet, respectively. But the neutrino has no Dirac partner in the model. 1 The presence of the two triplet scalar fields allows us to construct the Yukawa couplings and mass terms for fermions in the model. Yukawa couplings and masses for the SM leptons arise from the couplings
after decomposing the fields into SU (2) L × U (1) Y multiplets. The singlets n c and e c have Dirac masses after two complex triplet scalar fields acquire vev's.
where we use h T = (
, 0). From eq. (5) we read a Dirac mass for electron.
On the other hand, the left-handed fields ν and n (in weak eigenstates) mix, and the mass eigenstatesν,ñ are different from the weak eigenstates ν, n:
where cos θ = and m n = λ n f 1 . Note that the mass eigenstateñ has a Dirac mass, mñ = κ 2 + m 2 n while the mass eigenstateν is massless. Since there is a vev scale hierarchy f > f 1,2 > v it is expected that κ m n , that is, 0 < θ π 4 . In the SLHM the lower bound of the scale f ∼ f 1,2 is 1 TeV and mass scale of the singletñ depends entirely on the parameter λ n . The upper bound of neutrino mass is 1 eV from neutrino experiments and astrophysical constraints. Naively, the upper bound of the coupling is λ n 10 −12 . On the other hand, the lower bound of the coupling can be obtained by measuring time interval of neutrino observations in supernova explosions: The massless neutrinoν is observed first and the massive neutrinoñ is observed in later time.
On the other hand, one of the two up-type quark Yukawa coupling for the third generation is of order 1. This is because the Coleman-Weinberg potential from the top quark partner should give a dominant negative contribution to the SM Higgs mass squared parameter in order to trigger electroweak symmetry breaking. This is implemented by a large mass of the top quark partner, 1 TeV. For the neutrino, the situation is the opposite. Mass ofñ is 1 eV from the neutrino experiements.
How can we explain a scale factor of 10 −12 in the Yukawa couplings among the quark and lepton sector? Even we compare the second smallest Yukawa coupling, λ e (Yukawa coupling for electron) with the coupling λ n there is still a scale factor of order 10 −6 . It is commented that the urgent puzzle to the SLHM seems to be the presence of the tree level "µ" term which will partically cancel the SM Higgs mass [1] . But from the previous arguments, it is the hierarchy probelm among the Yukawa couplings that is the most urgent puzzle to the SLHM. Now we extend number of the generation from one to three as in Standard Model. In real world, neutrino mixing has been observed and the current status of the neutrino experiments enter into precision measurements. For simplicity, we assume that neutrino mixing is absent. Further, the SLHM itself does not contain a mechanism for neutrino mixing because there is an invariance of redefinition of three generation charged singlet fields, (e c , µ c , τ c ) and neutral singlet fields (n c e , n c ν , n c τ ), respectively. Then neutrino physics in the SLHM is straightforward. There are, in total, six neutrinos: three massless neutrinos and three (non-degenerate) massive neutrinos. Next, we assume that neutrino mixing is present by an unknown mechanism. But there are still six neutrinos because mixing itself does not change particle properties. In terms of mass eigenstates there are three massless neutrinos and three massive neutrinos. It is noted that some sterile neutrino models (3+1 or 2+2 models) have been considered so far. But the result is not successful. Accordingly, we believe that the 3+3 neutrino model is unnatural to explain the observed data on neutrino mixing. It is stressed that the 3+3 neutrinos are a drawback to the SLHM.
In conclusion, although the SLHM has a natural region of parameter space in which precision electroweak constraints are satisfied when the gauge and quark sectors are taken into account, the lepton sector introduces a huge hierarchy problem to the Yukawa couplings among the quarks and leptons as wells as a peculiar 3+3 neutrino model.
